Abstract-This paper aims to propose a new fully automated three-dimensional model based, real-time capable approach to recognize facial expressions from visual images of human faces in real time scenario. A multistage 3D fitting algorithm is applied with a morphable model to ensure the high accuracy and speed of the process in addition to eliminating the pose and illumination effects during the recognition process. The idea of the model is to update parameters at each stage in the fitting process. Feature extraction will be done using active appearance model while the feature classification will be done using the tree model to insure a good processing speed. This proposed model will show good results when shape, texture and extrinsic variations occur in the 3D domain since the combination of multistage fitting algorithm and tree model can enhance the speed and accuracy of the system recognition capabilities. This 3D morphable model algorithm can be widely used for 3D face analysis and 3D face recognition in real time scenarios. Keywords 3D morphable model, expression invariant, face recognition, multistage fitting.
INTRODUCTION 3D face recognition is a modality of facial recognition methods in which the three-dimensional geometry of the human face is used. Working with three-dimensional face images has some interesting advantages over 2D images. Firstly, more geometric information can be obtained from 3D data than from 2D images because 2D images loose depth information as they are formed through projections of 3D objects. Secondly, the measured features from real 3D data are not affected by the scale and rotation of the face. Finally, if the 3D face recognition system does not consider texture information, the recognition is immune to the effect of illumination variations [1] .
3D face recognition techniques are divided into three main approaches. The first one is surface-based approaches which use directly the surface geometry that describes the face. These approaches can be classified into those that extract either local or global features of the surface. The second one is Statistical approach such as Principal Component Analysis (PCA). The third one is the Model-based approach which is based on the 3D morphable model. Among 3D realistic face modeling works reported until now, 3D face modeling obtained by 3D scanner, 3D face modeling based on a generic face model, 3D face modeling based on 3D morphable model, and 3D face modeling based on 3D morphable shape model are the main model based approaches used in face recognition systems [2] . 3D Morphable Model face recognition systems have the advantage of inputting 2D image where this can be suitable for real time applications and cheaper than inputting 3D image. Also the matching with the 3D database gives the 3D morphable model high advantage in dealing with different expression invariants and pose and illumination situations. In the other hand, 3D morphable model system suffers from the problem of slow processing due to the big amount of computations and the different learning datasets. In addition to that, the current techniques in 3D morphable face fitting are limited in their capabilities in dealing with various face expressions under different pose and illumination conditions.
Researchers in [3] presented a method to fit 3D Morphable Model to a sequence of extracted facial features. The new fitting method exploits point-to-model correspondences and can deal with occlusion since features are not required to correspond across views. Results show low re-projection error both in the 2D and 3D mean. In another study by [4] , an expression-invariant method for face recognition by fitting an identity/expression separated 3D Morphable Model to shape data was done. The system was evaluated on two datasets, one with a high noise level and strong expressions, and the standard UND range scan database, showing that the high recognition rates are achieved even with a purely shape based method, without taking image data into account and reached up to 98.1%. In 2008, [2] proposed a 3D face modeling method based on 3D dense morphable shape model. Through building processes of 3D face model by the proposed method, it is shown that the proposed method is relatively easy, fast and achieved 97% of accuracy. Another study in [5] presented a fully automated three-dimensional model based, real-time capable approach to distinguish six universal facial expressions from visual images of human faces and the results presented recognition rates of the six basic facial expressions defined by Ekman where the best accuracy recorded in this system is 87%.
Based on the pros and cons of the different proposed model-based techniques, a new 3D morphable model face recognition system is proposed in this research to enhance the accuracy and speed of recognition under different conditions. The new model takes the advantages features from recent systems that are implemented in the last years. Our hypothesis is that the proposed automated multi stage fitting 3D morphable face recognition system will outperform the other 3D morphable model systems in terms of recognition accuracy and speed of processing.
This research will only include the model based 3D morphable face recognition technique and will not exceed it to any other model, statistical or appearance based techniques. The benefits of the proposed model are the reasonable price and applicability in real time face recognition scenarios in addition to enhancing the performance (speed and accuracy) of biometric applications which there are a lot of demand on them these days.your paper, adjust the lengths of the columns so that they are equal. Use automatic hyphenation and check spelling. Digitize or paste down figures.
II. METHODOLOGY
In general, 3D model based approaches train the system with 3D data but then they perform the recognition using only one single intensity image. This last category can be enclosed in a 2D-3D mixed face recognition framework. 3D model-based approaches use complete morphable 3D models of a face to perform the recognition. These approaches build a 3D model (3D mesh) using some 3D scans by means of special 3D devices, structured light, or multiple camera in the training stage [6] . Then the input data for the recognition stage is one simple 2D intensity image which can correspond to any pose of a face. The model-based approach try to fit this image to the 3D face model (a generic one of one for each person on the database) and then, it tries to recognize the person [6] . In fact, fitting the 3D morphable model to test images can be used in two ways for recognition across different viewing conditions. After fitting the model, recognition can be based on model coefficients, which represent intrinsic shape and texture of faces, and are independent of imaging conditions. For identification, all gallery images are analyzed by the fitting algorithm, and the shape and texture coefficients are stored. Fig.1 below shows the general 3D morphable model system architecture.
A. The Proposed Model
Based on the literature review and the previous work on the 3D morphable face recognition, a new face recognition model is proposed. The new model carries the advantages of the previous implemented model based face recognition models. The new proposed model aims to achieve the best recognition percentage possible in an easy, fast speed and capability to deal with expression and illumination invariant. The main steps in the model are face detection, feature extraction and expression classification. In the following sections, the details for Figure 1 . A general 3D morphable model system each step including the algorithms used for each one are explained. Fig.2 shows the main steps in sequence for the framework of the proposed model.
The contribution in this work is by combining different algorithms used in the different face recognition steps. This combination will ensure getting the best speed and accuracy of recognition in an automated manner with real time scenarios. Using Newton method to fit the 2D image into 3D morphable model is somehow accurate but doing it in multi stages will ensure more accuracy in fitting but will cost more time [1] . After that, for the expression invariant classification, usually support vector machine is used but due to the high speed and less computation amount for the tree model, we will replace the SVM with tree model to speed our model since the Newton multistage methods needs more time. This combination is our contribution and the rest of steps are done as usually done in any 3D morphable system like the matching in the final step using active appearance model AAM [7] .
Image Input:
In the first step, a 2D image for the face is entered to the model as an input. Having a 2D image as an input means lower cost and fast capturing for the face if to be compared with 3D image capturing. In this research, a sample of Gavab 3D face dataset will be the projected into 2D using UV mapping and then will be entered to the model as a 2D face image. 
3D Morphable Face Shape Model Construction:
In this stage, we construct a 3D morphable face shape model by applying PCA to several 3D scan face data. The most important process in this stage is to arrange all 3D face scan data to consist of corresponding points by using 3D dense correspondence, which we deal with by utilizing the 3D dense correspondence procedures. The dataset that is going to be used in our research is the Gavab Database which is a 3D face database. It contains 549 three-dimensional images of facial surfaces. These meshes correspond to 61 different individuals (45 male and 16 female) having 9 images for each person. The database provides systematic variations with respect to the pose and the facial expression.
3D Face Fitting:
In this stage, we propose a 3D face fitting method that is based on Gauss-Newton algorithm. The Gauss-Newton algorithm is used to solve the non linear least squares problems. It fits a model to data by minimizing the sum of squares of error between the data and model's predictions [8] . Equation 1 shows the error between the input data and the approximated 3D Morphable Face Model (1) where (u,v) is the pixel position in cylindrical coordinates, I is the matrix of input data and Ƭ is the matrix of fitted results using the 3D Morphable Face Model. The only drawback of the Gauss-Newton method is that shape, texture and extrinsic parameters are not updated simultaneously and thus the method does not work well when those parameters vary [1] . For this reason, we suggested to have a multi-stage fitting method where the different parameters can be updated through four fitting stages.
The multi-stage fitting starts by calculating the translation parameter which simplifies fitting the scale and rotation in the second stage. In the second stage, the scale and rotation are calculated while in the third stage; translation, rotation and scale are recalculated and called extrinsic parameters. In the last stage, shape and texture parameters are calculated and the extrinsic parameters are recalculated once again. Doing the fitting in multi stages may consume time based on the number of iterations done but in the other hand, it will guarantee a more accurate fitting when the extrinsic parameters vary.
Feature Extraction:
After fitting the 2D image into the constructed 3D morphable model, feature extraction for the face landmarks is done using active appearance model AAM. AAM is an algorithm which can be used for extracting facial landmarks and is known to work relatively well under various illumination variations and various poses [2] .
Expression Classification:
The facial expression is inferred by a model tree. Model trees are flow-chart-like tree structures, in which internal nodes denote a test on a feature to branch the flow of the computation into one of the two subordinate nodes. Furthermore, the leaf nodes contain line segments. Model trees map continuous and nominal input features to continuous output values, by traversing the tree by testing input features until a leaf is encountered, and then evaluating the linear equation in the leaf given the same input features. Advantages of Model Trees over other means of classification are the low run-time and fast generation of the tree from a previously acquired set of training data [5] .
Features Matching:
In the last step, matching for the features is done using the 3D morphable model we constructed and AAM [9] . Landmarks and facial expressions are matched with the Gavab 3D face database to recognize the person we are looking for.
III. EXPECTED RESULTS
The research done by [5] showed that using the tree model for facial expression classification is faster than using other classification models such like support vector machine and the results obtained from the research showed a high speed process with a very good accuracy rate. In another study for [10] , the multistage Newton method showed a high performance under different conditions and facial expressions to detect faces. A recent study done by [11] showed that using the Active Appearance Model for facial feature extraction is also very suitable and gained high accuracy results. Table I shows the advantages and disadvantages of the anchor researches in 3D morphable face fitting that our research relies on.
From this context, we are proposing this new model and expecting that combining the multistage fitting method with AMM model and the Tree model will result in a full real time face recognition system that outperforms the previous systems in the speed and accuracy of recognition in addition to the capabilities to handle different facial expressions. We will implement this system using C++ with open CV library and Matlab to assure a better quality system since these compilers are suitable for pattern recognition application generally.
Since the 2D face capturing equipments are cheaper and more standard than the 3D face capturing equipments, we used the 2d image as an input and after fitting it with the morphable model; we compare it with 3D face database which will help us in getting the advantages of both the 2D and 3D face recognition [12] .
Our evaluation for the fitting algorithm will be based on the root mean square error RMSE. The RMSE indicates the absolute fit of the model to the data on how close the observed data points are to the model's predicted values. Lower values of RMSE indicate better fit. RMSE is a good measure of how accurately the model predicts the response [13] . For the expression classification accuracy, dividing the number of correctly classified images over the total number of face images will be used.
IV. CONCLUSION
In this study, we proposed a new fully automated threedimensional model based real-time capable approach to recognize facial expressions from visual images of human faces in real time scenario. The idea behind the model is to combine between different exsiting models by taking the advanatges or each one in terms of accuracy, speed 
